A negative element in SMN2 exon 7 inhibits splicing in spinal muscular atrophy.
Spinal muscular atrophy (SMA) is a relatively common neurodegenerative disease caused by homozygous loss of the survival motor neuron 1 (SMN1) gene. Humans possess a linked, nearly identical gene, SMN2, which produces a functional SMN protein but at levels insufficient to compensate for loss of SMN1 (refs. 1,2). A C/T transition at position +6 in exon 7 is all that differentiates the two genes, but this is sufficient to prevent efficient exon 7 splicing in SMN2 (refs. 2,3). Here we show that the C/T transition functions not to disrupt an exonic splicing enhancer (ESE) in SMN1 (ref. 4), as previously suggested, but rather to create an exonic splicing silencer (ESS) in SMN2. We show that this ESS functions as a binding site for a known repressor protein, hnRNP A1, which binds to SMN2 but not SMN1 exon 7 RNA. We establish the physiological importance of these results by using small interfering RNAs to reduce hnRNP A protein levels in living cells and show that this results in efficient SMN2 exon 7 splicing. Our findings not only define a new mechanism underlying the inefficient splicing of SMN2 exon 7 but also illustrate more generally the remarkable sensitivity and precision that characterizes control of mRNA splicing.